110 Furthermore, exposure to SBM is associated with shortened intestinal mucosal folds, thickened 111 lamina propria, and an increased number of goblet cells [10, 12] . Those histological responses 112 are consistent with intestinal inflammation [12] and are responsible for reduced feed utilization 113 efficiency and poor growth performance [1] .
114
One approach to improving the utilization of plant-based feeds in aquaculture is 115 Nutritional Programming (NP). NP is the concept that an organism can be 'programmed' to a 116 certain diet through exposure to that diet during the early stages of development. More 117 specifically, if fish are exposed to the PP during development, they are then able to adapt to 118 that protein source and process plant-based feed better during later life stages. Previous 119 studies have shown that early feeding of plant-based diets can increase feed acceptance and 120 utilization in fish fed the same plant-based feed later in life [13] . For example, rainbow trout 121 programmed with early (juvenile) feeding of dietary PP had a 42% higher growth rate and 30% 122 higher feed intake during PP feeding later in life compared to fish that had not received plant-123 based diets during development [13] . In addition to the improved growth response related to 124 NP, there is evidence to support the use of NP to help mitigate intestinal inflammation 125 associated with SBM feeds. Perera and Yufera [5] , found that certain features of intestinal 126 inflammation could be programmed through the early feeding of SBM-based feeds. However, 127 more knowledge regarding the relationship between NP and intestinal responses in fish is still 128 needed to better understand the mechanism of NP and its role in improving dietary PP 129 utilization.
130
NP mode of action occurs through the epigenome. 238 dph the restricted feeding rate was 9% of the total biomass per day, and from 45-60 dph the 239 feeding rate was decreased to 8%. All feeding rates were adjusted according to fish growth and 240 feed intake.
241 278 
Statistical Analysis

298
Results are presented as means (± standard deviation). One-way ANOVA was used to 299 test the data, and a Tukey test was run to test the differences between groups. Differences 300 between groups are considered significant at p values < 0.05. Statistical analysis was run using R 301 software.
Results
Growth performance
304
The (+) Control group had the highest average weight at the conclusion of the study, 305 significantly higher than all other groups except FMBS-X-PP (Table 3) . The PPBS-NP-PP group 306 had the lowest average weight amongst the groups. There were no significant differences in 307 weight gain during the PP-Challenge amongst the challenged groups, but both PPBS groups had 308 a significantly lower weight gain than the (+) Control group. Survival did not significantly vary 309 across the different treatment groups.
310 
316
The first set of histological samples were taken prior to the start of the PP-Challenge, at 317 36 dph. In this set, distal intestine villus length-to width-ratio was significantly lower in all 318 groups relative to the (+) Control ratio, except for the PPBS-X-PP group (Table 4) . The second 319 set of histological samples were taken after the PP-Challenge, at the conclusion of the study. In 320 this set, the (+) Control and PPBS-NP-PP groups had the highest villus length to width ratios in 321 the distal portion of the intestine, although it was only significantly higher than the villus length 322 to width ratio of the FMBS-NP-PP group (Table 4) .
323 
329
For four of the five genes investigated in this study, il1b, tnfa, mmp9, and fabp2, there 330 were no significant differences in expression between groups (Fig 2) . While not significant, the 331 two NP groups seemed to have higher fabp2 expression than the non-programmed groups 332 from the same broodstock. However, treatment-specific differences were observed for 333 expression of the Pept1 protein, responsible for the absorption of di-and tripeptides.
334 Expression of PepT1 was lowest in the two groups that were offspring from the PP brood-stock, 335 and expression in the PPBS-X-PP group was significantly lower expression than all other groups.
336 Between the two PPBS groups, PepT1 expression was significantly higher in the group receiving 337 nutritional programming (PPBS-NP-PP).
338 . This is therefore applicable to fish species characterized by an 366 extended gonad maturation period of several months. In zebrafish, gonad growth and 367 maturation extends only to 2-4 weeks depending on the water conditions [32] , and therefore 368 the three-week exposure to SBM might have diminished the overall quality of both eggs and 369 sperm and ultimately the fitness of the offspring even though supplemental feed in a form of 370 Artemia nauplii was provided. The negative effect of PP feeding seemed to be reflected by low 371 fecundity and hatching rates, which were not measured but observed by the researchers 372 conducting the study. The decreased growth performance of the two PPBS groups observed in 373 the study could also provide evidence that the parental dietary effect may have a larger impact 374 on offspring performance than a NP effect of the broodstock or the offspring itself.
375
The lowest average weight per fish at the conclusion of the study was observed in the 376 dual programmed group (PPBS-NP-PP), which was about 68% of the average weight in the (+) 
